Some autoimmune disorders are increasingly recognized as risk factors for non-Hodgkin lymphoma (NHL) overall, but large-scale systematic assessments of risk of NHL subtypes are lacking. We performed a pooled analysis of self-reported autoimmune conditions and risk of NHL and subtypes, including 29,423 participants in 12 case-control studies. We computed pooled odds ratios (OR) and 95% confidence intervals (CI) in a joint fixed-effects model.
INTRODUCTION
The etiology of non-Hodgkin lymphoma (NHL) remains largely unexplained, in spite of its dramatic world-wide rise in incidence in recent decades. The heterogeneity of this group of malignancies with regard to histology, molecular biology and clinical course is well established 1 , while etiologic variation among subtypes has been recognized only recently.
Known risk factors for NHL overall include uncommon states of severe immune suppression, such as hereditary and acquired immunodeficiency syndromes. 2 However, growing evidence from studies of the occurrence of specific NHL subtypes in inflammatory and infectious conditions also suggests a role for chronic immune stimulation. [3] [4] [5] [6] [7] Local antigenic drive is central to NHL development in the parotid gland in Sjögren's syndrome and in the small intestine in celiac disease. 4, 6 Sjögren's syndrome 8 and celiac disease 9 are also associated with an increase in risk of malignant lymphomas overall. However, whether these associations are due to a much higher risk of lymphomas originating in the affected organs, or whether they also reflect specific associations with other and non-localized lymphoma subtypes, is less clear.
In rheumatoid arthritis (RA) 10, 11 and systemic lupus erythematosus (SLE) 12 , an increased risk of malignant lymphomas has been described repeatedly, while the evidence is less consistent for other inflammatory disorders that display autoimmune phenomena such as psoriasis 13 , inflammatory bowel disorders 14 and sarcoidosis. 15 Discrepant results between studies may be due to differences in study size and design, and to differences in composition of lymphoma subtypes studied and failure to disentangle subtype-specific associations. Indeed, For personal use only. on . by guest www.bloodjournal.org From large studies are needed to investigate associations between autoimmune disorders and NHL subtypes, as both disease groups are rare in the population.
Further elucidation of the nature of associations between autoimmune disorders and NHL subtypes may give clues to the underlying biology of autoimmune-related lymphomagenesis, and may also have implications for NHL development in general. The aims of this large pooled study, encompassing almost 30,000 individuals in 12 countries in Europe, North America and Australia, were to investigate associations between a range of autoimmune disorders and risk of NHL, to explore potential variation in associations among NHL subtypes by histology and anatomical site, and to identify possible reasons for heterogeneity between studies.
.
MATERIALS AND METHODS

Study population
We performed a pooled analysis of individual data from 12 case-control studies identified through the InterLymph consortium (www.epi.grants.cancer.gov/InterLymph).
Studies that met the following criteria were eligible to contribute to the pooled analysis: case patients diagnosed with incident NHL as adults (17-89 years); collection of personal history of one or more autoimmune conditions; population-or hospital-based design; study completion between 1992 and 2005; and electronic data sets available in August 2005. In Table 1 , we present selected characteristics of the participating studies.
Eight of the studies have previously reported data on some autoimmune conditions and risk of NHL. [16] [17] [18] [19] [20] [21] [22] [23] [24] However, analyses of risk by NHL subtypes according to the WHO 2001 For personal use only. on . by guest www.bloodjournal.org From classification of lymphoid neoplasms 1 were not performed in 5 of these studies [17] [18] [19] 21, 24 and subtype risk estimation was hampered by low statistical power in the remaining 3 studies. 20, 22, 23 Case patients were identified through rapid case ascertainment systems in direct collaboration with treating physicians, nurses and/or pathologists (8 studies) and through regional population-based cancer registries (4 studies), of which one used a rapid clinical reporting system. All but one study included both men and women; the Connecticut study was restricted to women. Individuals with HIV-infection were either excluded from the original studies based on reports from the treating physician (5 studies) and/or self-reports (1 study), or excluded from the pooled analysis based on self-reports (4 studies) and/or blood test results (2 studies). Individuals with a history of organ transplantation were also excluded from the pooled analysis.
All studies used a frequency-matched case-control design, except the UK study and two EpiLymph centers (Germany and Czech Republic) where cases and controls were matched individually, and the Aviano-Napoli and Northern Italy studies where no matching criteria were applied. For hospital-based controls (19% of all controls), the disease at admission was examined, and individuals admitted for autoimmune conditions were excluded (27 individuals, 0.9% of all hospital-based controls).
Exposure assessment
The participating studies utilized either telephone or in-person interviews with trained interviewers and standardized structured questionnaires: one study used a self-completed questionnaire. Included were questions about one or more autoimmune disorders and a range of potential confounding factors. All autoimmune disorders were self-reported, none were For personal use only. on May 30, 2017. by guest www.bloodjournal.org From confirmed by medical record review, but most studies (70%) asked for personal history of physician-diagnosed autoimmune conditions. The autoimmune disorders assessed by more than one study, and thus eligible for pooling, included Sjögren's syndrome, systemic lupus erythematosus (SLE), rheumatoid arthritis (RA), systemic sclerosis or scleroderma, poly-or dermatomyositis, immune thrombocytopenic purpura, type-1 diabetes, pernicious anemia, multiple sclerosis, myasthenia gravis, celiac disease, psoriasis, sarcoidosis and inflammatory bowel disorders (Crohn's disease and ulcerative colitis). Autoimmune hemolytic anemia was assessed in two studies, and three additional studies assessed the broader term hemolytic anemia. These reports were grouped together as hemolytic anemia under the assumption that the majority of individuals reporting hemolytic anemia are likely to have the autoimmune form of disease. We further classified Sjögren's syndrome into primary (report of Sjögren's syndrome only) or secondary disease (concomitant report of RA, SLE or poly-or dermatomyositis) in 8 studies. Participants who reported a diagnosis of diabetes at age 30 or less were classified as having type-1 diabetes. 23 We assessed duration of the autoimmune disorder as years between autoimmune disease onset and NHL diagnosis (cases) or interview (controls). For all conditions, reports of autoimmune disease with a duration of less than two years were not counted. If two incompatible autoimmune disorders were reported by the same individual (for example RA and SLE), the most recently diagnosed disorder was retained. Information on treatment with systemic corticosteroids was collected in 7 studies, and on use of immunosuppressants (including methotrexate, cyclophosphamide, cyclosporine, azathioprine and unspecified immunosuppressive drugs) in 5 studies. Information on treatment with tumor necrosis factor For personal use only. on May 30, 2017. by guest www.bloodjournal.org From blocking agents was not collected, since these agents were introduced after initiation of almost all participating studies.
The pooled analysis was approved by the University of New South Wales Human research Ethics Committee. Each participating study obtained local ethical approval and informed consent from participants, and provided a de-identified data set with individual information on history of assessed autoimmune conditions, matching variables, demographic and potentially confounding variables for their study participants.
Tumor classification
All studies verified NHL diagnoses by histopathology review (report review in 4, slide review in 2 and both in 6 studies). All NHL subtypes according to the WHO classification 1 , except multiple myeloma, were included in this analysis. In most studies, patients with chronic lymphocytic leukemia, which constitutes an NHL subtype according to the WHO classification, were recruited as cases, while such patients were excluded in a few studies. Case patients classified by the WHO/ICD-O-3 classification (6 studies) were placed directly into the hierarchical groupings of a proposed nested classification based on the WHO classification 1 , developed by a group of expert hematopathologists for epidemiological research. 25 Subtype diagnoses using earlier classifications (REAL, 1 study; ICD-O-2 1994, 2 studies; Working Formulation, 3 studies) were converted to hierarchical groups and where possible to WHO subtypes using algorithms from the nested classification. 25 The overall distribution of WHO NHL subtypes in the pooled data and according to the proposed hierarchical groups is given in Table S1 . Results are presented in tables for the most frequent NHL subtypes or hierarchical groupings, for which the statistical power was the greatest, while results for rare subtypes are presented in the text where relevant. Site of lymphoma, for cases with extranodal NHL, was recorded in 6 studies for a total of 7,829 cases. True extranodal sites were defined as extranodal and extralymphatic (excluding spleen, Waldeyer's ring and thymus). Patients with unspecified lymphoma (i.e., neither non-Hodgkin nor Hodgkin lymphoma) were not included in most participating studies and thus not in this pooled analysis. In a few of the participating studies, unspecified lymphomas diagnosed in the same populations were however recorded in parallel, and the numbers were low (maximum 3% of all lymphomas diagnosed during the same time periods).
Statistical analysis
Odds ratios (OR) and 95% confidence intervals (CI) were calculated from unconditional logistic regression models. We first assessed study-specific risk estimates, and where available, the data was checked against previously published results. [17] [18] [19] [20] [21] [22] [23] [24] Due to the variation in control ascertainment between the 6 member study centers in EpiLymph (Table 1) , this study was treated statistically as 6 separate studies, to allow for assessment of centerspecific effects and heterogeneity by center. For studies with individually matched cases and controls, we compared study-specific results using conditional and unconditional regression.
As there were only marginal differences, we used unconditional regression that led to inclusion of a larger number of controls, and thus increased statistical power. All hypotheses tested were stated a priori in a predefined analysis plan.
For personal use only. on May 30, 2017. by guest www.bloodjournal.org From Given the rarity of the assessed disorders, with some studies having no exposed cases and/or no exposed controls for one or several autoimmune disorders, we used a joint fixedeffects model for the pooled analysis 26 to allow for inclusion of all studies. For studies with at least one exposed case and control, between-study heterogeneity was assessed using a likelihood-ratio test, and where numbers allowed, further explored with the Cochran´s Q statistic and the I 2 statistic 27 in a two-stage random-effects model. 26 Because of the potential limitations of the joint fixed-effects model, including underestimation of the standard error and overweighting of larger studies 26 , we compared pooled risk estimates computed using the joint fixed-effects model and the two-stage random-effects model, and the estimates differed only marginally for all disorders. Statistically significant between-study heterogeneity was found for one disorder, RA, for which pooled estimates using the two-stage random-effects model are presented. Possible causes of between-study heterogeneity were investigated in relation to differences in study design (such as questionnaire and data collection format, population versus hospital controls, response rates, and control exposure prevalence rates) as an aid in the identification of outlying studies. For all disorders, we also compared risk estimates in logistic regression models stratified by design-related variables, and we did not observe any general differences in effect by these factors.
All models were adjusted for the matching variables age, sex, region/study center and race. We considered additional potential confounders if they were collected across the majority of studies (socioeconomic status, family history of lymphoma), or if the variable was shown to be an important confounder in a participating study. In individual studies, the inclusion of a range of exposures including tobacco smoking, body mass index, sun exposure and occupational exposure to pesticides and solvents were not found to change study-specific For personal use only. on May 30, 2017. by guest www.bloodjournal.org From estimates by more than 10%. 17, [19] [20] [21] [22] [23] Family history of lymphoma, and socioeconomic status (assessed as educational level in 10 studies, and from census data in 2 studies) did not change pooled estimates significantly. However, socioeconomic status was considered to be a potentially important study-specific confounder, especially in the US where socioeconomic status is related to health care access, and was thus retained in the pooled model. We compared risk estimates by sex, autoimmune disease duration and treatment with systemic corticosteroids and/or immunosuppressants, and age of autoimmune and NHL onset, in stratified logistic regression models. As there was no statistically significant heterogeneity of results by sex (although few men reported some disorders), and in order to maximize statistical power, women and men were analyzed together. Median age of autoimmune disease or NHL onset were used as cutoff for computing younger and older onset groups. Due to the large predominance of study participants with Caucasian origin, stratification by race was not meaningful. All statistical tests were two-sided, and the level of statistical significance was set to α =0.05. Analyses were performed using the STATA software version 8.2 (Stata Corporation, College Station, TX). Table 2 . Personal history of the assessed autoimmune conditions and pooled risks of NHL overall are shown in Table 3 . Results by study are shown in figure 1 for RA, and in Figures S1 to S13 for the other disorders assessed.
RESULTS
Characteristics of the participants are shown in
Sjögren's syndrome
Sjögren's syndrome was associated with a 6.6-fold increased risk of NHL, and secondary Sjögren's syndrome yielded a higher risk than the primary form (Table 3) . Women with Sjögren (92% of all affected participants) experienced a 6-fold risk increase, while a lack of exposed controls precluded risk estimation among men (data not shown). In all Sjögren's syndrome, and in primary disease, a 5-fold increased risk of NHL persisted with more than 10 years of disease (Table 4 ). Statistically significant associations were confined to ages 60 years or older at NHL diagnosis. Neither age at Sjögren's syndrome onset, nor corticosteroid/immunosuppressive drug use modified the results (data not shown).
Sjogren's syndrome was linked with an increased risk of B-cell NHL and NHL of unknown lineage (consisting mainly of B-cell NHL in predominantly Caucasian populations) ( Table 5 ). There was a 30-fold increase in risk of the marginal zone lymphoma group (Table   6 ), based on 11 patients with extranodal, 3 with nodal and one with undetermined (non-splenic) marginal zone lymphoma. Risk of diffuse large B-cell lymphoma was increased 9-fold (number (n) of exposed cases=18), and risk of follicular lymphoma 4-fold (n=7) ( Table 6 ).
Neither corticosteroid use nor immunosuppressive treatment affected the relationship between
Sjögren's syndrome and risk of NHL subtypes (data not shown 
Systemic lupus erythematosus (SLE)
SLE was associated with a 2.7-fold increase in risk of NHL overall ( Table 3 ). The risk was of similar magnitude in both sexes but statistically significant only among women (data not shown). NHL risk was highest among patients with SLE of short duration (2-5 years), but a near 2-fold increase was also observed with more than 10 years of disease ( Table 4 ). The association was confined to patients with older onset SLE (≥ 39 years), whereas age at NHL diagnosis, or corticosteroid/immunosuppressive drug use did not modify the results (data not shown). Risk was increased for B-cell NHL and NHL of unknown lineage ( Sjögren's syndrome did not alter these associations.
Hemolytic anemia
Hemolytic anemia was associated with a 2.6-fold increase in NHL risk (Table 3) , which was slightly more pronounced among men than women (data not shown). The association was most evident among participants reporting long disease duration (>10 years, Table 4 ). There was a statistically significant positive association with B-cell NHL ( Table 5) , and a 3-fold increased risk of diffuse large B-cell lymphoma ( Table 6 ).
Celiac disease
Celiac disease was not associated with risk of NHL overall (Table 3 ). However, those diagnosed with celiac disease at an older age (≥ 33 years) had an increased risk (OR=2.34, 95% CI 1.06-5.21, n=19). There were no clear differences in risk by sex, or celiac disease duration ( Table 4 ). Risk of T-cell NHL was increased 6-fold (n=9, Table 5 ), due to a substantially increased risk of enteropathy-type T-cell NHL (ETTL; OR=255, 95% CI 30-2199, n=3), and of anaplastic large cell lymphoma (OR=24, 95% CI 8.8-65; 2 nodal, 4 true extranodal including 1 small intestine). The risk of small intestinal NHL was increased 30-fold (OR=31, 95% CI 10-96, n=5).
Psoriasis
Psoriasis was not associated with risk of NHL overall (Table 3) , and there was no large variation in risk by sex , or psoriasis duration (Table 4 ). However, a weak positive association was observed among psoriatic patients with a late NHL diagnosis (>60 years, OR=1.28, 95% CI 1.01-1.63, n=159). There was a statistically significant 1.6-fold increase in risk of T-cell NHL ( Table 5) , and a doubled risk of anaplastic large cell lymphoma (OR=2.25, 95% CI 1.00-5.06; 3 nodal, 1 parotid gland, 1 bone, 2 unknown site). There were no statistically significant associations with the cutaneous T-cell NHL subtypes mycosis fungoides and Sezary syndrome (OR=1.38, 95% CI 0.50-3.83, n=4) or cutaneous NHL of any type (OR=1.61, 95% CI 0.86-3.03, n=11).
Rheumatoid arthritis (RA)
RA was not associated with risk of NHL overall, but there was statistically significant heterogeneity of the results among studies (Table 3, Figure 1 ). This heterogeneity could not be fully explained by any single study center, but was reduced among studies that used physiciandiagnosed RA as the definition of the exposure (7 studies: OR=1.15, 95% CI 0.94-1.41, p for heterogeneity=0.15, I 2 =30.2%). The heterogeneity also appeared to be related to the prevalence of reported RA among controls in different studies. For the 6 studies within the lowest tertile of age-and sex-adjusted RA control prevalence, the pooled NHL risk was borderline significantly increased, while it was decreased for the 5 studies in the highest tertile (Figure 1 ). RA and concomitant use of corticosteroids or immunosuppressants was positively associated with risk of NHL (OR=1.57, 95% CI 1.12-2.21), while RA without such use was not (OR=1.04, 95% CI 0.77-1.41). We did not assess risk by RA duration or NHL subtype because of the betweenstudy heterogeneity and the lower statistical power in multiple stratified models.
Other disorders
Overall risk of NHL was not linked to a history of inflammatory bowel disorders (ulcerative colitis or Crohn´s disease), type-1 diabetes, sarcoidosis, pernicious anemia or multiple sclerosis (Table 3) . Examination by autoimmune disease duration (Table 4 ), sex or age at autoimmune disease or NHL diagnosis (data not shown) did not affect these results.
Type-1 diabetes was borderline significantly associated with the nested group of chronic lymphocytic leukemia/small lymphocytic lymphoma/prolymphocytic leukemia/mantle cell lymphoma ( Table 6 ), but there was no statistically significant association with any of these four subtypes in separate analyses (data not shown). Scleroderma, immune thrombocytopenia, myasthenia gravis or poly-or dermatomyositis were all rarely reported (Table 3 ) and subanalyses were therefore not pursued.
DISCUSSION
In these large pooled analyses, we found evidence that an increased risk of NHL is associated with only a few autoimmune disorders and that these associations are stronger for some NHL subtypes than others. Besides confirming the known link between all NHL The risk of NHL was increased almost 7-fold in patients with Sjögren's syndrome, which is in the lower range compared with other reports 8,10 , but not unexpected in comparison with cohorts of hospitalized Sjögren patients with presumably more severe disease. 10 Relative risks of NHL subtypes in Sjögren's syndrome have seldom been quantified. 21 We observed a 250-fold increase in risk of parotid gland NHL, and a dramatic 1000-fold increase in risk of parotid gland MALT lymphoma. This finding is consistent with prior Sjögren-lymphoma case series 28 , and with biological evidence of antigen-driven clonal expansions in affected salivary glands. 6 However, we also noted positive associations with other subtypes, most notably diffuse large B-cell lymphoma, and with nodal lymphomas regardless of WHO subtype in Sjögren's syndrome, associations that were much less dramatic in relative terms, but more important in terms of patient numbers. Interestingly, in a recent registry-based study of incident Sjögren patients who developed NHL, the majority of the lymphomas were of the diffuse large B-cell type. 8 In SLE, we observed a close to 3-fold increased risk of NHL, consistent with the hitherto largest cohort studies showing a 3-to 4-fold increase. 12 The patients with SLE were at an increased risk of marginal zone lymphoma, predominantly of the MALT type, and of diffuse large B-cell lymphoma, which is in accordance with recent descriptive data. 29 We also observed a positive association with risk of NHL in hemolytic anemia, in line with a previous
For personal use only. on May 30, 2017. by guest www.bloodjournal.org From study based on patients hospitalized with autoimmune hemolytic anemia 30 , and we provide the first report of a possible association between hemolytic anemia and diffuse large B-cell lymphoma. However, these results should be interpreted with caution since hemolytic anemia could represent secondary phenomena 31 and was not characterized in detail in all participating studies. Of note, the increased risks of NHL in Sjögren's syndrome, SLE and hemolytic anemia persisted with more than 10 years of autoimmune disease duration, making misclassification of incipient lymphomas an unlikely explanation for our findings.
In celiac disease, we did not observe an association with risk of NHL overall, but the risk was doubled among patients diagnosed at age ≥ 33 years. Previous population-based studies showed a 2-to 6-fold increase in risk of NHL in celiac disease. 9, 32 However, in the largest cohort study 32 , the increase was confined to celiac disease patients diagnosed as adults, and there was a trend of decreasing NHL risk over successive calendar periods. If true, such a trend may partly explain our results for NHL overall. We confirmed previous reports of a strong association with ETTL and of NHL located in the small intestine. 33, 34 In addition, we observed a marked association with anaplastic large cell lymphoma, which has not been described previously, but is consistent with prior observations of non-intestinal T-cell NHL in celiac disease. 35 Since only 1 of 6 cases of anaplastic large cell lymphoma was situated in the small intestine, misdiagnosis of ETTL with numerous CD30 positive cells is an unlikely explanation for the association. The indication that only those diagnosed with celiac disease later in life may be at risk of NHL could imply that early diagnosis and early start of diet therapy reduces the risk of lymphoma. This hypothesis is not new but has not been adequately tested. 23 For personal use only. on May 30, 2017. by guest www.bloodjournal.org From In psoriasis, previously reported results of risk of NHL overall are mixed. 36, 37 While some have noted an increase in risk of T-cell NHL 20, 36, 37 , little is known about T-cell subtype- In RA, we did not find an increased risk of NHL overall, unlike most previous reports. 10, 11, 38 However, a moderately increased NHL risk was observed among RA patients treated with corticosteroids or immunosuppressants, supporting a gradient in risk by treatment or disease severity. 38 In most participating studies, the prevalence of RA reported by the controls was higher than expected 39 , which could reflect a degree of misclassification with other joint or connective tissue disorders. The indication of a positive association between RA and NHL in studies with a low RA control prevalence as opposed to an inverse association among studies with a high RA control prevalence lends some support for this interpretation. An alternative explanation for the overall null result is a possible underrepresentation of RA patients with severe disease and presumably higher risk of lymphoma 38 through self-selection in case-control studies as opposed to in registry-based cohort studies. 10 Inflammatory bowel disorders, type-1 diabetes, sarcoidosis, pernicious anemia and multiple sclerosis were not associated with risk of NHL overall, consistent with the majority of For personal use only. on May 30, 2017. by guest www.bloodjournal.org From previous reports 14, 30, [40] [41] [42] , and there was no strong evidence for subtype-specific associations. In Crohn's disease, a recent large meta-analysis 43 reported a moderately increased risk of lymphoma overall, but latency was not evaluated and thus a possible risk inflation by initial misdiagnoses of lymphomas cannot be excluded.
It is thus noteworthy that Sjögren's syndrome, SLE and perhaps hemolytic anemia were all associated with risk of diffuse large B-cell NHL, and Sjögren's syndrome and SLE also with marginal zone lymphoma. Celiac disease and psoriasis were both associated with T-cell NHL of the anaplastic large cell type in addition to the well-known close link between celiac disease and ETTL. Biologically, the importance of antigen-driven immune stimulation for the development of MALT lymphoma in the parotid gland in Sjögren's syndrome 44 , and ETTL in celiac disease 4 is well documented. In Sjögren patients, there is also evidence that oligoclonal expansions of B cells, arising in the parotid gland, may give rise to MALT lymphomas at distant sites. 45 Whether local antigen-driven immune responses or inflammatory processes are relevant for the development of distant NHL, specifically diffuse large B-cell lymphoma, is not known. However, in Sjögren's syndrome and RA, recent evidence favors aspects of disease severity and inflammatory load as the strongest determinants of NHL risk. 8, 38 These same studies also noted an increased occurrence of diffuse large B-cell lymphoma in particular. 8, 38 Thus, it could be hypothesized that disease severity, chronic B-cell activation, and/or inflammation harbor determinants of risk of diffuse large B-cell lymphoma common to a group of autoimmune disorders including Sjögren's syndrome, RA, SLE and autoimmune hemolytic anemia. Such determinants may include, apart from B-cell stimulation, factors related to cytokine profiles, T-cell subset balance and apoptotic resistance 8, 46 , any of which could be relevant also for lymphomagenesis in general. 47 In celiac disease and psoriasis, disorders
For personal use only. on May 30, 2017. by guest www.bloodjournal.org From characterized by an increase in T-cell activity 37, 48 , determinants of T-cell NHL risk may be similar, but acting to enhance oncogenic events in proliferating T rather than B cells.
The strengths of this pooled analysis include the large sample size, the ability to adjust for confounding factors, and the exclusion of individuals with recent onset autoimmune disorders, which could represent autoimmune phenomena triggered by yet undiagnosed lymphomas. Due to the large size of the pooled dataset, we were able to explore differences in risk by sex and autoimmune disease duration. Unique aspects of our analysis were the ability to assess risk estimates for NHL subtypes according to an epidemiologically oriented classification system 25 and by location, and to compare patterns of subtype associations between different autoimmune disorders. However, in spite of the large study size, low numbers of exposed individuals was still a limitation in some analyses.
A limitation inherent to the design of the participating case-control studies is the use of self-reported autoimmune disease history, which has the potential for exposure misclassification, already discussed in relation to RA and hemolytic anemia. A comparison of our control prevalences with population prevalence figures from different countries showed good concordance 49-52 , except for ulcerative colitis, where the study control prevalences were higher than published prevalence estimates 53 , and in hemolytic anemia and sarcoidosis, where no published rates could be identified. Based on these comparisons, we believe that misclassification of self-reports may have been less frequent for most of the autoimmune disorders studied, than for RA. In future studies of autoimmune disorders based on self-reports, we recommend a careful assessment of disease aspects reflecting established diagnostic criteria. A detailed assessment of disease severity and treatment may not only help to sort out For personal use only. on May 30, 2017. by guest www.bloodjournal.org From possible diagnostic misclassification, but could also shed more light on the specific determinants of lymphoma risk.
To conclude, we observed that associations with NHL risk in Sjögren's syndrome and celiac disease are less subtype-specific than previously described, and are not confined to associations with rare NHL subtypes developing in the affected organs. Our results further suggest new patterns of associations with some NHL subtypes in specified autoimmune disorders. These patterns may be based on common mechanisms of lymphomagenesis, which could be relevant for the development of the indicated NHL subtypes in a group of autoimmune disorders as well as beyond the setting of overt autoimmune disease. The inclusion of Hodgkin lymphoma cases in several studies led to an imbalance in the age distribution of controls compared to the non-Hodgkin lymphoma cases only † Education / socioeconomic status (SES) groups in each study was based on the tertile distribution of years of education (10 studies) or SES levels obtained from census data (2 studies) in controls ‡ Participants with Hispanic origin were mainly categorized as "White" (n=307), but a few individuals were also categorized as "Black" (n=4) or with "Other/unknown" ethnicity (n=24), based on the original categorization in the participating studies § Ethnicity was generally not recorded in the European studies, due to the large predominance of individuals with Caucasian origin. Restricted to a history of the autoimmune disorder with onset at least 2 years prior to interview/NHL diagnosis. Numbers of participants reporting a particular disease may not add up to the number reporting that disease according to Table 3 , due to missing data on disease duration in a few individuals. † Odds ratios (OR) and 95% confidence intervals (CI) computed in a joint-fixed effects model adjusted for age (in 5 year categories), sex, race/ethnicity, education/SES, and study centre ND indicates not determined. In analyses of B-cell NHL subtypes, all controls (see Table 5 ) were used for modelling of risk of diffuse large B-cell lymphoma, follicular lymphoma, and CLL/SLL/PLL/MCL. However, in modelling of risk of the marginal-zone lymphoma group, studies using the older working classification of lymphomas were excluded (Italy, Northern Italy, UCSF; representing about 30% of all participants) † Restricted to a history of the autoimmune disorder diagnosed at least 2 years prior to interview/NHL diagnosis ‡ Includes patients with chronic lymphocytic leukemia (CLL), small lymphocytic lymphoma (SLL), prolymphocytic leukemia (PLL) and mantle cell lymphoma (MCL) (25) § Includes patients with extranodal (MALT), nodal, splenic and undetermined marginal-zone lymphoma (25) || Odds ratios (OR) and 95% confidence intervals (CI) computed using a joint-fixed effects model adjusted for age (in 5 year categories), sex, race/ethnicity, education/SES and study centre, with no history of the autoimmune disease in question as reference category ND indicates not determined 
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